[Abstract] This protocol describes whole genome bisulfite-sequencing library preparation from plant tissue and subsequent data analysis. Allele-specific methylation analysis and genome-wide identification of differentially methylated regions are additional features of the analysis procedure.
1. Remove the A tailing mix from -20 °C and thaw at RT.
2. Preheat thermal cycler at 37 °C.
3. Add 2.5 µl of Resuspension buffer and 12.5 µl of A tailing mix to the tube from step E13. 4 . Adjust pipette to 30 µl, then gently pipette the entire volume up and down 10 times.
5. Incubate at 37 °C for 30 min. H. DNA Purification (AMPure beads)
1. Vortex the AMPure beads until they are well dispersed.
2. Add 42.5 µl of the beads to the sample.
3. Adjust pipette to 85 µl then gently pipette the entire volume up and down 10 times.
4. Incubate at RT for 10 min.
5. Place the tube on the magnetic stand for 5 min.
6. Remove and discard 80 µl of supernatant from each tube.
7. With the tube on the magnetic stand, add 200 µl of freshly prepared 80% ethanol without disturbing the beads. Incubate 30 sec.
8. Remove and discard all the supernatant from each tube without disturbing the beads.
Repeat ethanol wash once.
9. Let the tube stand at RT to dry for 8 min. Remove the tube from the stand and resuspend the dried pellet with 22.5 µl Resuspension Buffer. Gently pipette the entire volume up and down 10 times to mix thoroughly. Incubate at RT for 2 min.
10. Place the tube on the magnetic stand at RT for 5 min. 2. Vortex the AMPure beads until they are well dispersed.
3. Add 50 µl of beads to the sample.
4. Adjust pipette to 85 µl then gently pipette the entire volume up and down 10 times.
5. Incubate at RT for 10 min.
6. Place the tube on the magnetic stand for 5 min.
7. Remove and discard 80 µl of supernatant from each tube. We strongly encourage the reader to consult the review written by the authors of Bismark (http://www.ncbi.nlm.nih.gov/pubmed/22290186) before starting the data analysis. Here, we describe alignment of single end reads, but alignment of paired end reads is also possible.
1. Prepare bisulfite-treated genome for future mapping (only needs to be done once).
Usage: bismark_genome_preparation --path_to_bowtie reference_genome/fasta/ 2. Map BS-reads to converted genome (map forward and reverse reads separately).
Usage: bismark --non_directional -o bismark_file_name_trimmed.n1l50 -n 1 -l 50 reference_genome file_name.trimmed.fastq
Options are as follows:
-non_directional: reads are not strand-specific (a strand-specific option is also available) The script reads a sorted SAM file and gets all the reads that map to the same position and strand and then 1. Sorts them by decreasing prevalence and then by increasing number of mismatches (not counting bisulfite conversions) to the genome.
2. The most prevalent read with the total highest quality string is kept.
3. In the case of a tie, the read with the fewest number of mismatches is retained.
4. In the case of another tie, it prints out every unique read.
The output SAM file also has 3 new fields added on the end:
CT == count = number of times this read was found in the input file MM == mismatches = number of mismatches compared to the genome sequence (not counting conversions)
QS == quality score = total quality score for this read 
G. Calculate bisulfite conversion efficiency
The mean bisulfite conversion rate for each library is calculated based on the methylation status of each cytosine from reads mapping to the chloroplast genome, which is expected to be unmethylated. The output file contains the conversion at each position, and the mean C conversion across the chloroplast is printed to the screen.
Option #2: Libraries from F1 crosses

H. Map reads from hybrid libraries
In the case of F1 hybrid libraries, two parental genomes may be available as reference. You may decide to map reads to both the parental genomes to maximize the number of mapped reads using Bismark as described above. To do that, first map all the reads to the best reference genome, then align the "unmapped" reads to the other genome.
Make file of unmapped reads from the fastq file (e.g., reads not in SAM file).
Usage: ./get_fastq_reads_not_in_SAM.pl fastqFile samFile > reads.unmapped.fastq
To assign reads to a particular strain and to retain as many unique reads as possible, separate the reads by strand. For each window, the output file will have (a) the raw Fisher's exact test p-value reflecting whether the fraction of meth/unmeth counts is the same for both samples, and (b) the
